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PROJECT 5112: THE PROPERTIES OF RECTIFYING JUNCTIONS I N  GaAsxPlmx 
National  Aeronautics and Space Adminis t ra t ion  
Grant NsG-555 
P r o j e c t  Leader: G.  L. Pearson 
S t a f f :  S .  F. Nygren 
The purpose of t h i s  p ro jec t  i s  t o  s tudy  t h e  p repa ra t ion  and 
c h a r a c t e r i z a t i o n  of r e c t i f y i n g  junc t ions  i n  GaP and GaAs P I n  
p a r t i c u l a r ,  we wish t o  r e l a t e  the s t r u c t u r e  of t h e  c r y s t a l s  t o  the  
e l e c t r i c a l  p r o p e r t i e s  of the  junc t ions .  During t h i s  q u a r t e r  we have 
extended our  s tudy  of t h e  v a r i a t i o n  of p-n j u n c t i o n  depth  wi th  
d i f f u s i o n  time f o r  z i n c  d i f f u s i o n  i n t o  ga l l ium phosphide. We have 
a l s o  cons t ruc ted  a v e r t i c a l  l i q u i d  e p i t a x i a l  system. 
x 1-x' 
A .  Di f fus ion  of Zinc i n t o  Gallium Phosphide 
Las t  quar te r '  we noted t h a t  when Zn i s  d i f f u s e d  i n t o  n-type GaP 
from a system conta in ing  l i q u i d  "a" and low phosphorus overpressure ,  
t h e  r e s u l t i n g  p-n junc t ion  d e p t h ,  x ,  , i s  p ropor t iona l  t o  t h e  square 
J 
r o o t  of d i f f u s i o n  time only  f o r  shallow junc t ions .  
pas ses  a c r i t i c a l  depth,  t he  zinc d i f f u s i o n  speeds 
r e s u l t i n g  j u n c t i o n  depths  a r e  deeper than  would be 
x .  e. 
J 
We have now found t h a t  the same e f f e c t  occurs  
A f t e r  t h e  j u n c t i o n  
up; and t h e  
pred ic ted  by 
when the  d i f f u s i o n  
11 system con ta ins  l i q u i d  b" and high phosphorus overpressures .  T h i s  i s  
shown i n  F ig .  1. The p-n junc t ion  depth,  x and t h e  depth  of t h e  
sha l lower  junc t ion  t h a t  i s  always revealed by t h e  e t c h a n t ,  X 
p l o t t e d  aga ins t  t h e  square  roo t  of  time. The r e s u l t s  from d i f f u s i o n s  done 
w i t h  l i q u i d  a a r e  included f o r  comparison. A l l  d i f f u s i o n s  were 
performed a t  900 C. 
j '  l 
a r e  
j '  
I t  f l  
0 
There a r e  s e v e r a l  no t iceable  s i m i l a r i t i e s  between d i f f u s i o n s  wi th  
I t  l i q u i d  atrand d i f f u s i a n s  with l i q u i d  "b". For  d i f f u s i o n s  below the  
knee i n  t h e  X 
t r a n s p a r e n t  and no  induced d e f e c t s  a r e  seen. Also, i n  analogy wi th  
Ting I s  work i n  GaAs,2 t h e  z inc  concen t r a t ion  probably dec reases  smoothly 
w i t h  d i s t a n c e  i n t o  t h e  c r y s t a l  . Above t h e  knee the  c r y s t a l s  a r e  




opaque ( i n d i c a t i n g  heavy z inc  p r e c i p i t a t i o n ) ,  and induced d i s l o c a t i o n s  
a r e  seen throughout t h e  diffused l a y e r .  I n  analogy wi th  GaAs, t h e  
* 
z i n c  concen t r a t ion  probably s t a y s  r e l a t i v e l y  cons t an t  throughout much 
of t he  d i f f u s e d  l a y e r  and then decreases  sha rp ly .  
The c o r r e l a t i o n  between d i f f u s i o n  induced d i s l o c a t i o n s  and enhanced 
d i f f u s i o n  i s  apparent.  The d i s l o c a t i o n s  do not form a s  soon a s  d i f f u s i o n  
begins;  t hey  form only a f t e r  the combination of z i n c  concen t r a t ion  and 
concen t r a t ion  g r a d i e n t  place a s u f f i c i e n t  amount of s t r a i n  on t h e  GaP 
l a t t i c e .  Once t h e  d i s l o c a t i o n s  have formed, t h e  d i s l o c a t i o n  cores  and 
t h e  d i l a t e d  r eg ions  near the d i s l o c a t i o n s  can act  as pa ths  of easy 
d i f f u s i o n  f o r  t h e  i n t e r s t i t i a l  spec ie s  t h a t  dominates z inc  d i f f u s i o n .  
Provided t h e  d i s l o c a t i o n s  a r e  i n  high enough concen t r a t ion ,  the average 
d i f f u s i o n  i n  t h e  e n t i r e  l a y e r  i s  n o t i c e a b l y  enhanced. S ince  the  shape 
of t he  d i f f u s i o n  p r o f i l e  depends on phosphorus overpressure,  i t  i s  not  
unexpected t h a t  t h e  c r i t i c a l  depth a l s o  depends on phosphorus overpressure.  
B. Liquid Epi taxy 
A v e r t i c a l  l i q u i d  e p i t a x i a l  system has  been cons t ruc t ed .  The 
p r i n c i p l e s  of o p e r a t i o n  for t h i s  system a r e  the  same a s  those f o r  t h e  
h o r i z o n t a l  s y s t e m  t h a t  was previously used. Only t h e  geometry i s  
d i f f e r e n t .  I n  t h e  v e r t i c a l  system, a s o l u t i o n  of gall ium s a t u r a t e d  with 
phosphorus i s  held i n  a g raph i t e  c r u c i b l e .  To i n i t i a t e  c r y s t a l  growth, 
a seed i s  lowered i n t o  t h e  so lu t ion ,  and t h e  s o l u t i o n  i s  cooled. Growth 
is  terminated when t h e  seed i s  withdrawn. 
This  system w i l l  be used t o  s t u d y  the d i s t r i b u t i o n  c o e f f i c i e n t  
and e l e c t r i c a l  p r o p e r t i e s  of Be i n  l i q u i d  e p i t a x i a l  l a y e r s  of Gap. 
For t h e s e  purposes,  t h e  v e r t i c a l  system has  two major advantages over 
t h e  h o r i z o n t a l  system. Because of the  geometry, we a r e  assured t h a t  
t h e  Be w i l l  be completely dissolved by t h e  Ga s o l u t i o n .  Also, because 
t h e  seed may be withdrawn, t h e  e p i t a x i a l  l a y e r  may be grown over a 
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PROJECT 5115: SEMICONDUCTOR DEVICES FOR HIGH TEMPERATURE USE 
National  Aeronautics and Space Admin i s t r a t ion  
Grant NsG-555 
P r o j e c t  Leader: G. L. Pearson 
S t a f f :  Y. Nannichi 
The purpose of t h i s  p r o j e c t  i s  t o  prepare power r e c t i f i e r s  and 
0 s o l a r  b a t t e r i e s  which w i l l  ope ra t e  a t  temperatures  up t o  500 C. The 
cu r ren t -vo l t age  c h a r a c t e r i s t i c s  of metal! n-GaP Scho t tky  b a r r i e r  diodes 
have been s tud ied .  Some p h o t o e l e c t r i c  responses were a l s o  measured. 
N e w  processes  a r e  being adopted t o  improve t h e  c h a r a c t e r i s t i c s  of 
t h e s e  two types of dev ices .  
A .  L iqu id -Ep i t ax ia l  C r y s t a l s  
Sn-doped c r y s t a l s  were grown on undoped GaP seeds  t o  make ohmic 
c o n t a c t s  and t o  f u r n i s h  mechanical support  a s  i n d i c a t e d  i n  our  previous 
r e p o r t .  
Five c r y s t a l s  were s u c c e s s f u l l y  grown out  of a 50 weight percent  
Sn-doped Ga s o l u t i o n  a f t e r  s e v e r a l  unsuccessful  a t tempts  t o  grow out 
of a pure Sn melt .  The e l e c t r o n  concen t r a t ions  a r e  lower than we had 
expected from t h e  d a t a  i n  the  previous q u a r t e r l y  r e p o r t .  The cause of 
t h e  f a i l u r e  t o  grow c r y s t a l s  out of a pure Sn melt  was t h e  formation 
of a c r u s t  on t h e  s u r f a c e  of the melt a r i s i n g  from an impure He 
atmosphere i n  ou r  p re sen t  system. We p lan  t o  grow more h e a v i l y  Sn 
doped c r y s t a l s  i n  o r d e r  t o  reduce t h e  s e r i e s  r e s i s t a n c e .  
B. V-I C h a r a c t e r i s t i c s  
I n  t h e  previous r e p o r t  we ind ica t ed  t h a t  n, t h e  s l o p e  of t h e  
I n  I ve r sus  V curve, was 1.5. During t h i s  q u a r t e r  we reduced t h e  
va lue  of t h i s  s l o p e  t o  1.05 which i n d i c a t e s  l e s s  i n t e r f a c e  damage 
a t  t h e  Schot tky junc t ion .  
This  improvement r e s u l t e d  from the  fol lowing new s u r f a c e  t reatment:  
t h e  GaP c r y s t a l  was lapped w i t h  #1200 g r i t ,  mechanical ly  pol ished t o  
a m i r r o r - f i n i s h  and etched f o r  1 - 2  minutes j u s t  before  p l ac ing  i n  
t h e  evaporator .  Before evaporat ing,  the sample was heated a t  4OO0C 
f o r  30 minutes i n  a vacuum of l e s s  than 2 X 10 mm Hg. I t  was a l s o  
-6 
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C. Photo-Response of t h e  Schot tky Diodes 
i n t e r e s t i n g  t o  note t h a t  t he  d e r i v a t i o n  from a l i n e a r  r e l a t i o n  which 
was observed below V = 0 , 5 ,  supposedly due t o  s u r f a c e  leakage ( see  
Fig.  2 of t he  l a s t  q u a r t e r l y  r epor t ) ,  was no t  observed w i t h  t h e  sample 
t r e a t e d  a s  above. F igu re  1 compares t h e  forward c h a r a c t e r i s t i c s  of our  
improved diode wi th  t h a t  of a previous l eaky  diode. 
The s u r f a c e  was a l s o  t r e a t e d  by ion  bombardment a t  4 kV i n  an argon 
atmosphere of 25  p, Hg. Due t o  s t r u c t u r a l  l i m i t a t i o n s ,  we were forced t o  
break the  vacuum between ion  bombardment and evaporat ion i n  o r d e r  t o  
i n s e r t  a mask. The r e s u l t s  were u n s a t i s f a c t o r y  and t h e  experiment 
w i l l  be repeated with improved techniques.  
The d i f f e r e n t i a l  forward r e s i s t a n c e  was as  low a s  25 ohms which 
corresponds t o  a h igh  r e s i s t i v e  GaP l a y e r  about 15 p, i n  t h i ckness .  
T h i s  value i s  lower than  t h a t  reported l a s t  q u a r t e r  (200 ohms). 
Figure 2 shows t h e  r e v e r s e  c h a r a c t e r i s t i c  of t h i s  same diode. The 
breakdown vo l t age  was above 200 V ,  but apprec i ab le  s u r f a c e  leakage 
c u r r e n t  flowed a t  high vol tages  p r i o r  t o  breakdown. A mesa e t ch ing  
technique t o  improve the  c h a r a c t e r i s t i c  was t r i e d  bu t  t h i s  was 
unsuccessful  due t o  t h e  l a c k  of a s u i t a b l e  e t c h i n g  s o l u t i o n .  S ince  
mesa e t ch ing  should so lve  t h e  edge breakdown problem, we w i l l  t r y  t o  
f i n d  s u i  t a b l e  e t  chants .  
The photo-response of a Schottky b a r r i e r  diode was measured a t  
photon e n e r g i e s  nea r  t h e  band gap. E i t h e r  n i c k e l  or chromium was 
chosen t o  form t h e  semi-transparent f i lm.  Chromium, however, seemed 
t o  be t h e  p r e f e r a b l e  metal  s ince  i t  has a h i g h e r  e l e c t r i c a l  conduc t iv i ty  
and r eac t ed  l e s s  w i th  GaP and oxygen a t  high temperatures.  Chromium 
was e l e c t r o c h e m i c a l l y  deposited on a tungs t en  f i lament  and then  
evaporated on t o  t h e  s u r f a c e  of t h e  prepared s u r f a c e  of t h e  GaP s i n g l e  
c r y s t a l .  The experiment was r a t h e r  p re l imina ry  and no s p e c i a l  ca re  
was taken t o  i n c r e a s e  t h e  t ransparency of t h e  metal  f i lm .  The 
t r a n s m i t t a n c e  of a f i l m  simultaneously deposi ted on g l a s s  was below 
3 percen t  i n  the  wavelength region where o u r  s tudy  was made. 
5 
The photocurrent  and photovoltage were measured a t  va r ious  
temperatures i n  a vacuum of the o r d e r  of one micron. The l i g h t  
source was an Xe lamp from which monochrometic l i g h t  was obtained 
wi th  a Bausch and Lomb g r a t i n g  monochrometer. Figure 3 shows the  
s p e c t r a l  photo-response a t  var ious temperatures  between 20 and 400 C.  
The s h i f t  of t h e  curve i s  mainly due t o  a change i n  the  band gap 
wi th  temperature which has  been r epor t ed  t o  be -5.5 X 10 eV/deg. 
0 
-4 
Figure  4 shows t h e  photo-response a t  2.85 eV (one of t he  s t r o n g e s t  
emission l i n e s  from the  Xe lamp) ve r sus  temperature.  Photocurrent  
h a s  a maximum a t  about 2OO0C and t h e  photovol tage dec reases  with 
i n c r e a s e  i n  temperature a t  a r a t e  of 1.2 mV/degree. 
D. Non-ohmic Con tac t s  
When one grows pu re r  and purer m a t e r i a l s ,  t h e  problem of making ohmic 
c o n t a c t s  ar ises . ’  
t o  cause t h i s  problem, t h e  GaAs produced i n  ou r  l a b o r a t o r y  f o r  ano the r  
p r o j e c t  (K702) has  shown nonohmic c o n t a c t  behavior.  We a r e  c a r r y i n g  
o u t  experiments t o  f i n d  t h e  cause of t h e  nonohmic c o n t a c t s  on t h i s  
GaAs. 
Though t h e  GaP which we now u s e  i s  not pure encugh 
We took t h e  s p e c t r a l  photo-response of such a GaAs nonohmic c o n t a c t  
a t  77 and 300°K and found a peak about 30 meV below t h e  band gap energy. 
It is  t o o  e a r l y  t o  be c e r t a i n  b u t  i t  seems t h a t  S i  accep to r  l e v e l s  
a r e  r e s p o n s i b l e  f o r  t h e  non-ohmicity. 
2 
The measured accep to r  l e v e l  of S i  i s  30 meV above t h e  valence band. 
T r a n s i t i o n  of donor S i  atoms t o  acceptor  s i tes  would t ake  place i f  t h e  
number of As vacancies  should inc rease  du r ing  t h e  process  of making 
ohmic c o n t a c t s .  A r a t h e r  wide high r e s i s t a n c e  r eg ion  j u s t  below the  
c o n t a c t s  can a l s o  be postulated i n  terms of a r ap id  d i f f u s i o n  of As 
vacancies .  F u r t h e r  experiments a r e  planned t o  c l a r i f y  t h i s  problem. 
E .  Plans f o r  t h e  Next Q u a r t e r  
More h e a v i l y  doped n-type c r y s t a l s  w i l l  be grown t o  reduce the  
forward r e s i s t a n c e .  Mesa e t ch ing  techniques w i l l  be more i n t e n s i v e l y  
s t u d i e d .  Diodes w i l l  be maintained a t  h igh  temperature f o r  long 
6 
per iods  of time t o  check for d e t e r i o r a t i o n  i n  t h e i r  e l e c t r i c a l  and 
o p t i c a l  p rope r t i e s .  
~~ 
TABLE 1 
P r o p e r t i e s  of S n  Doped GaP Layers  Grown by Liquid Epi taxy  
Growth Thickness E lec t ron  Conc, 
Seed Temp (OC) (ko ( 
1: 
12 
LG12 CT1 e45 30 1 x 10 
W13 VG4 9 00 30 3.c x 10 
LG14 #24 9 50 55 1 x 10 l8  
LG15 CT4 9 50 45 1 x 1o lG 
18 
L G l G  CT7 9 50 45 1 x 10 
REFERENCES 
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FIG. 1 - Improved Forward C h a r a c t e r i s t i c s  
of a GaP Schot tky  Diode .  
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FIG. 2 - Reverse C h a r a c t e r i s t i c s  of a 



























200 OC  
7
3.0 2,9 2.8 2.7 2.6 2.5 2.4 2.3 2.2 2 
PHOTON ENERGY, E (eV) 
FIG. 3 - Spec t r a  Response of Photocurrent  
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FIG. 4 - Photo-response verus  
Temperature. 
PROJECT 5116: DONOR IMPURITIES I N  GaP 
Nat iona l  Aeronautics and Space Adminis t ra t ion  
Grant NsG - 5 5 5 
P r i n c i p a l  Inves t iga to r :  G. L.  Pearson 
S t a f f :  A.  Young* 
The purpose of t h i s  p r o j e c t  i s  t o  s tudy  t h e  behavior  of shallow 
donors i n  ga l l ium phosphide. In p a r t i c u l a r  S, Se,  and Te w i l l  be 
d i f f u s e d  i n t o  GaP t o  determine s o l u b i l i t y  and d i f f u s i o n  parameters.  
T h i s  in format ion  w i l l  be use fu l  i n  d e l i n e a t i n g  t h e  p r o p e r t i e s  of GaP 
doped wi th  these  shallow donor impur i t i e s .  
D i f fus ion  of S u l f u r  i n  G a A s  
During t h e  l a s t  q u a r t e r  we have s t u d i e d  t h e  d i f f u s i o n  of s u l f u r  
i n  GaAs a s  a func t ion  of temperature,  s u l f u r  pressure ,  and a r s e n i c  
p re s su re .  The purpose of t h i s  work was t o  compare previous r e s u l t s  
ob ta ined  from our  work of s u l f u r  i n  GaP wi th  the  r e s u l t s  f o r  GaAs. 
Of p a r t i c u l a r  i n t e r e s t  were the  dependence of s u l f u r  s u r f a c e  concentra-  
t i o n  on s u l f u r  pressure  and t h e  dependence of d i f f u s i o n  c o e f f i c i e n t  
on t h e  a r s e n i c  or phosphorus pressure.  For  comparison, previous 
r e s u l t s  f o r  s u l f u r  i n  GaP a r e  l i s t e d  below 
s u r f  ace concent ra t ion  cs - P 
2 ( s o l u b i l i t y )  S 
0 d i f f u s i o n  c o e f f i c i e n t  D - (P ) = independent of p re s su re  
p2 
V a r i a t i o n  of D i f fus ion  C o e f f i c i e n t  w i th  Arsenic  Pressure  
The d i f f u s i o n  c o e f f i c i e n t  of s u l f u r  i n  GaAs was s tud ied  a s  a 
f u n c t i o n  of a r s e n i c  p re s su re  with a f i x e d  s u l f u r  vapor d e n s i t y  of 
0.2 pg/ml a t  1003OC and 113OoC. 
r a d i o t r a c e r  measurements were f i t t e d  wi th  complementary e r r o r  func t ions .  
The va lues  of D a r e  p l o t t e d  i n  Fig.  1 a s  a func t ion  of a r s e n i c  
p re s su re .  The d i f f u s i o n  c o e f f i c i e n t  appears  t o  be independent a t  
p r e s s u r e  i n  t h e  high p res su re  region above 0.5 ATM. Below the  
*NSF Fellow 
The d i f f u s i o n  p r o f i l e s  obtained from 
8 
knee, t h e  d i f f u s i o n  c o e f f i c i e n t  v a r i e s  a s  
1 /2 
D - ( P  1 
As4 
Q u a l i t a t i v e l y  s i m i l a r  r e s u l t s  were obtained f o r  s i l i c o d  and 
s u l f u r 2 i n  GaAs using p-n junc t ion  techniques.  
however, t h e  drop-off below t h e  knee was much sha rpe r  than observed 
he re .  
I n  t h e  c a s e  of s u l f u r ,  
The cause of t h e  knee i s  not known. Vieland' has suggested t h e  
p o s s i b i l i t y  of two d i f f u s i o n  mechanisms - one dominant a t  high a r s e n i c  
p r e s s u r e s ,  t h e  o t h e r  a t  low p res su res .  T h i s  seems t o  be a reasonable  
sugges t ion  but  cannot account f o r  t h e  shape of t h e  observed curve.  
Kendall has  suggested a model t h a t  can e x p l a i n  t h e  shape of t he  
J D ver sus  P curve.  This  mechanism would be o p e r a t i v e  i f  
[VAS ] = [ V i a ]  
+ As4 were t h e  dominant charge n e u t r a l i t y  cond i t ion ,  and 
if the d i f f u s i o n  d e f e c t  involved VG-a. However, t h e  f u n c t i o n a l  
dependence on p res su re  below t h e  knee i s  much s m a l l e r  than ou r  
observed 1/2 power. 
The observed s a t u r a t i o n  of D a t  high p res su res  could be caused 
by t h e  appearance of a phase boundary - e.g., t he  s o l i d u s  boundary 
and the  presence of an a r sen ic - r i ch  l i q u i d .  However, t he  p r e s s u r e s  a t  
t h e  s o l i d u s  boundary a s  determined by Thurmond a r e  an o r d e r  of 
magnitude l a r g e r  t han  t h e  p re s su res  a t  t h e  knee. 
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Another p o s s i b i l i t y  i s  a l i m i t a t i o n  of t h e  r a t e  of equ i l ib r ium 
of the  c r y s t a l  w i th  t h e  e x t e r n a l  environment. A s  suggested by 
Scho t tky  e q u i l i b r a t i o n  may be slow i n  low d i s l o c a t i o n  c r y s t a l s .  
(Our c r y s t a l s  have e t c h  p i t  d e n s i t i e s  of 1-2000/cm ) .  I t  may a l so  
be a func t ion  of a r s e n i c  pressure.  Kendall' i n d i c a t e d  t h a t  t h e  s u r f a c e  
c o n c e n t r a t i o n  of r a d i o a c t i v e  a r s e n i c  i n  GaAs ( a t  P = 1 ATM) was very 
s l o w  i n  b u i l d i n g  up t o  i ts  equi l ibr ium value a t  12OO0C, reaching a 
mole f r a c t i o n  of only 10 r ad ioac t ive  a r s e n i c  a f t e r  4 hours. Th i s  
s u g g e s t s  t h e  e x i s t e n c e  of a severe r a t e  l i m i t i n g  process  f o r  a r s e n i c  






t o  no te  t h a t  t h e  d i f f u s i o n  c o e f f i c i e n t  of z i n c  i n  GaAs a l s o  behaves 
anamalously a t  p ressures  above 2 ATM. 7 
curve for l O O 3 O C  was repea ted .  
i n  t h i s  ca se ,  t h e  samples were preannealed f o r  5 days a t  1003OC under 
t h e  appropr i a t e  a r s e n i c  pressures .  They were then  d i f fused  wi th  
su l fu r -35  under a r s e n i c  pressure  f o r  12 hours.  The r e s u l t s  i n  F ig .  1 
show a s l i g h t  decrease  i n  junct ion depth (15%)7 but  the  shape of t h e  
curve remains t h e  same. Thus i t  i s  u n l i k e l y  t h a t  a r a t e  l i m i t a t i o n  
of equl ibr ium wi th  t h e  a r s e n i c  vapor i s  re spons ib l e  f o r  t h e  knee. 
However, 
'As, The D versus  
I t  may seem s t r ange  t h a t  the d i f f u s i o n  of s u l f u r  (bel ieved t o  be 
s u b s t i t u t i o n a l  on the  s u b l a t t i c e )  i s  enhanced by h ighe r  a r s e n i c  pressures .  
I 1  8 A p o s s i b l e  explana t ion  i s  t h a t  of Woodbury's covacancy" mechanism - 
e s s e n t i a l l y  an in te rchange  mechanism between a r s e n i c  s i tes  which i s  
enhanced by t h e  presence of a vacancy on t h e  o t h e r  s u b l a t t i c e .  
V a r i a t i o n  of Surf  ace Concentrat ion ( S o l u b i l i t y )  w i t h  S u l f u r  Pressure  
S u l f u r  was d i f f u s e d  i n t o  GaAs a t  1003OC and 1 1 3 O O C  a t  a f i xed  
a r s e n i c  p re s su re  above t h e  knee of t h e  D versus  P curve.  The 
d i f f u s i o n  p r o f i l e s  a r e  shown i n F i g s .  2 and 3 f o r  va r ious  s u l f u r  
p re s su res .  The p r o f i l e s  a t  1 1 3 0  C appear t o  be well-behaved except  f o r  
a few p o i n t s  near  t h e  su r face .  I f  a smooth e x t r a p o l a t i o n  i s  made from 
t h e  rest of t h e  p r o f i l e  t o  t h e  sur face ,  t he  s u r f a c e  concen t r a t ion  i s  
found t o  be p ropor t iona l  t o  t h e  s u l f u r  p re s su re ,  i n  agreement wi th  our  
r e s u l t s  f o r  GaP a t  1215 C .  
A s  




A t  1003 C,  t h e  su r face  concent ra t ion  a t  t h e  lower s u l f u r  p re s su re  
0 
appears  t o  be much less dependent on s u l f u r  p re s su re  than  a t  1130 C.  
A t  t he  h ighes t  s u l f u r  p re s su re  used, t h e  p r o f i l e  i s  not well-behaved, 
a s  w i t h  Gap. 
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FIG. 2 - S u l f u r  Profiles i n  G a A s  a t  
1130% for Varying S u l f u r  P r e s s u r e s  
t = 1 hour [ A s ]  = 4 . 5  m g / m l ,  
[SI: F-12,  2 pg/ml; F-23, 0 . 6  pg/ml; 
F-17, 0 . 2  pg/ml.  
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FIG. 3 - Sulfur  Profiles in GaAs at 
l O O 3 O C  for Varying Sulfur Pressures 
t = 3 hours [As] = 4.5 m g / m l  
[SI: F-10, 6 pg/ml; F-7, 2 pg/ml; 
F-9, 0.6 pg/ml; F-8, 0.2 pg/ml. 
